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of them can be transformed into Fredholm equations of the second kind. The latter equations can also directly arise in contact problems. This is the case in the problem of contact interaction between the elastic bodies taking into account the factor of the surface structure of the bodies contacting between each other, usually the factor of roughness by Shtaerman model of contact [1] . According to this model, because of the local deformations, the arising local displacements in each point of the contact zone are proportional to the contact stress at the very point. In such formulation in [10] an axially symmetric contact problem on indentation of a punch, circular in the plan, into a rough elastic half-space, also described by Fredholm IE of the second kind, is considered.
Numerous effective methods of solving the Fredholm IE of the second kind [11] [12] [13] are developed and among them the Fredholm method of reducing the original IE to the system of linear algebraic equations (SLAE) holds a special place. The procedure of reducing to SLAE is greatly simplified in case of degenerate kernels of IE. That is why the method of the degenerate kernels of IE solution, when the original kernel is approximated by the degenerate kernel with great exactness, has got an intensive development [11] [12] [13] .
In the present paper, the method of degenerate kernels is applied to solving the Fredholm IE of the second kind with symmetrical kernels, by which integral operators with discrete spectra are generated and for these operators corresponding spectral relationship are well-known. The idea of the paper lies in the fact that based on the spectral relationship bilinear expansions of the kernels in the form of infinite series are written, then these infinite series are replaced by the finite series and, by that, the original kernels are approximated by degenerate kernels.
There is a list of symmetric kernels, for which the spectral relationship [7, 8, 14, 15] of Fredholm IE of the second kind are well known; with such kernels in the framework of the above mentioned E.Ja. Shtaerman contact model a wide class of contact problems is described. The method of degenerated kernels is concretely illustrated here on the example of E.Ja. Shtaerman generalized problem [1] on indentation of a punch of the general configuration into an elastic half-plane. It is proved that the approximate solution by the method of degenerate kernels, as the number of summands of the finite series increases infinitely, tends to the exact solution of the problem. For this purpose the issue of regularity of the corresponding infinite SLAE is investigated. In particular cases the numerical analysis of the problem is conducted.
1. General preconditions of the method of degenerate kernels. Let us have Fredholm IE of the second kind
where L is a finite or infinite interval of the numerical axis. The integral operator K , originated by
  , has discrete specter and for it let spectral relationships take 
As kernels   , K x s with above properties the following kernels can be taken 
Fredholm IEs of the first kind with these kernels describe numerous mixed and contact problems of mechanics of deformable solids. In [7, 8, 14, 15] , as well as in papers cited in [14, 15] for such kernels spectral relationships of type (1.2) and related to them integral relationships are established. 
Using formulas (1.4) for kernel   , K x s at fixed x , the following bilinear expansion of the kernel in the system of functions   n x  will be obtained:
If in expansion (1.5) we replace the infinite sum with the finite sum restricting the number of terms by n , then thereby kernel   , K x s will be approximated by the 
From here the approximate solution of the original IE (1.1) will be in the form of
of course, if the coefficients m X are already determined. For the determination of these coefficients we multiply both parts of (1.7) by
and integrate the obtained equality over the interval L . As a result, we come to the following SLAE:
Thus, the method of degenerate kernels in the above described form reduces the solution of the original IE to the solution of SLAE (1.9). Note, that in paper [10] with the help of bilinear expansion (1.5) for a symmetric kernel in the form of Veber-Sonin integral the solution of corresponding Fredholm IE of the second kind is reduced to the solution of the regular infinite SLAE. In paper [16] the method of reduction of the general class of integral equations with the symmetric quadratically summable difference or summation or difference-summation kernels to regular infinite SLAE is suggested. Moreover, by means of expanding the kernel function in Fourier cosine-series or in the series of other complete orthogonal systems of functions bilinear expansion of (1.5) type is applied. However, for the noted above class of kernels the application of expansions (1.5) in eigenvalue functions of kernels is more convenient and the use of degenerate kernels technique based on above expansions turns to be more simple.
This method is applicable to the solution of IE of I.Ja. Shtaerman generalized contact problem [1] .
The formulation of the contact problem and derivation of basic equations.
Generalizing the I.Ja. Shtaerman contact problem [1] , we assume that the absolutely rigid punch, the base of which in the cross-section cut by the plane Oxy is described by the equation  , y f x  is indented under the influence of the central vertical force P and overturning moment M into the elastic half-plane with Young module E and Poisson coefficients v (Fig.1) . Here, instead of the Hertz smooth contact model we take the I.Ja. Shtaerman contact model [1] which takes into account the factor of the surface structure of deformable bodies contacting between themselves. According to this model the vertical displacements of the boundary points of the elastic half-plane are consisted of two summands. The first summand [1]  
, where  is some coefficient, depending on the surface structure of the elastic body. Eventually, for the vertical displacements   2 v x of the boundary points of the elastic half-plane we shall have
On the other hand, the vertical displacements   
where  is the angle of the rigid rotation of the punch, and  is its settling. Now, substituting (2.1) and (2.2) into the contact condition [1] 
for the determination of the unknown contact pressure, we obtain the following Fredholm IE of the second kind: 
As a result, GIE (2.3) is transformed into the following GIE:
and the conditions (2.4) -into the following conditions:
3. The solution of GIE (2.5)-(2.6) by the method of degenerate kernels. The method described in section 1 will be applied to the equations (2.5)-(2.6). In the given case
and the spectral relationships (1.2) have the form of [7, 8, 14]           
As a result, the bilinear expansion of the kernel (1.5) in the given case for the symmetrical logarithmic kernel is written in the form of 
R k t m t t d t km n
and are easily calculated. Upon that 
Now, taking into account the expression of the coefficients k g from (3. 
Let us the solution of SLAE (3.5) for the right -hand side equal to 
Then, referring to the conditions of punch equilibrium (2.6), with the help of (3.1) and (3.6) for the determination of parameters 0  and 0  we obtain the following SLAE: 
In order to investigate the convergence of the approximate solution (3.8) to the exact solution of GIE (2.5)-(2.6), it is necessary to pass from the final SLAE (3.5) to the infinite SLAE:
Coming out from (3.4), it is easy to observe that at different parities of k and m we have 0 km R  . That is why in (3.4) and (3.9) k and m should be considered simultaneously even or odd numbers. Then the infinite system (3.9) splits up into the following two separate infinite SLAE, corresponding to the symmetric and skew-symmetric parts of the considered contact problem 
Here, according to (3.4) 
4. The investigation of the infinite systems (3.10)-(3.11). These infinite systems will be investigated on regularity. With this aim referring to the infinite system (3.10) we estimate the sums [12]   
It is evident, that     
Here the well-known formula from [17] (p. 22, form. 0.238.1) was applied. Thus,
The sums
S will also be estimated with the help of Cauchy -Buniakovsky inequality: 
Here the expressions of these sums from [17] 
Separately, estimate the sums, In Table 2 
